Introduction
Patients with COPD suffer not only from impairment of respiratory function but also often from peripheral muscle dysfunction and atrophy. These are expressed in COPD patients as fatigue and reduction of muscle strength and endurance. Many studies have demonstrated the association of muscle weakness and reduction of endurance with the grade of respiratory impairment, impaired cardiac function and health-related quality of life, the risk of severe COPD exacerbations, and even mortality. [1] [2] [3] As the COPD patient population is not homogeneous, some phenotypes could suffer from loss of muscle more than others (predominantly pulmonary cachexia phenotype). Therefore, testing of muscle strength and endurance should play an important role in clinical practice in COPD patients.
Muscle strength of COPD patients is most commonly determined in the upper limbs, especially as hand grip strength. On the other hand, muscle endurance is more likely tested on the lower limbs by means of simple functional tests such as the 6-minute walk test (6MWT) or sit-to-stand (STS) test. Commonly used in COPD patients is 6MWT. The 6MWT is inexpensive, easy to apply, and known to predict patient mortality. 4 Although there is a consensus of studies describing the deterioration in the muscular endurance of the lower limbs of COPD patients, the results of the studies are more controversial in the upper limbs. While some studies demonstrated deterioration of upper-limb endurance of COPD patients, 5 others did not reveal any significant decline. 6 In addition, some studies found discrepancy in muscle endurance determined on different locations. So in one study, attenuation of lower-limb endurance and preservation of upper-limb endurance could be present at the same time. 7 The primary goal of this study was comparison of hand grip endurance and strength determined directly by dynamometry between COPD patients and subjects without impairment of respiratory function, referenced to Global Initiative for Chronic Obstructive Lung Disease (GOLD) stage, combined COPD assessment, and multidimensional predictors of mortality (BODE [Body mass index, airflow Obstruction, Dyspnea, Exercise capacity], updated BODE and ADO [Age, Dyspnea, airflow Obstruction] indexes). The secondary goal was to compare hand grip endurance and strength with lower-limb endurance determined by means of 6MWT. To our best knowledge, there has been no previous study determining all these relationships together.
Patients and methods study participants and design of the study
In this observational study, we compared two study groups. The first study group (control group) consisted of 25 volunteers without respiratory problems: 20 men and 5 women. The second study group (COPD group) consisted of 58 consecutive outpatients with stable COPD (free of acute exacerbation of COPD and/or deterioration of internal comorbidities .8 weeks prior to study enrollment): 43 men and 15 women. Detailed basic anthropometric characteristics of both groups are presented in Table 1. COPD patients were recruited from the Department of Pneumology, University Hospital Hradec Kralove, Czech Republic (most of them from the Czech multicentric research database of COPD -Registry of the Czech Pneumological and Phthisiological Society). The details concerning inclusion and exclusion criteria and records of a patient history including comorbidities and medications used were described by Novotná et al. 8 All COPD subjects underwent a comprehensive examination to determine COPD severity and prognostic scales (eg, GOLD stage, combined COPD assessment, BODE, updated BODE and ADO indexes), and exercise tolerance by means of 6MWT.
In all study participants, body composition, basic spirometric parameters, hand grip strength, and endurance were determined. All measurements were taken in the morning after a fast of 12 hours (in COPD patients before commencement of rehabilitation).
The study was reviewed and approved by the Ethical Committee of University Hospital in Hradec Kralove; all subjects gave written informed consent.
COPD severity and prognostic scales
The BODE index was calculated according to Celli et al 9 and the updated BODE ( U BODE) and ADO indexes according to Puhan et al. 10 Patients were divided into four grades in line with the GOLD classification according to post-bronchodilator airflow limitation. 11 Combined COPD assessment was used to distinguish patients to four categories according to risk and level of symptoms. 12 
6-Minute walk test
The 6MWT was conducted in accordance with guidelines of Czech Pneumological and Phthisiological Society (updated version from 2016) based on the American Thoracic Society/ European Respiratory Society standards. 13 It was performed indoors, along flat, straight corridor, 30-50 m long. Values of 6MWT for the control group were calculated using reference equations for healthy adults. 14 
Body composition
Body weight was measured in underwear to the nearest 0.1 kg (Tanita Corporation, Tokyo, Japan) and height with a stadio meter to the nearest 0.5 cm. Both were used to calculate the body mass index (kg⋅m −2 ). Body composition was determined by means of skin-fold anthropometry, because this method has been proved as appropriate for COPD patients. 15 The average of the three measurements taken in four standard places (triceps, biceps, subscapular, and suprailiac) using a caliper (Best K-501; Trystom, Olomouc, Czech Republic) was used for further calculations. All measurements were performed by a sole trained examiner. Body density was estimated according to the method of Durnin and Womersley, 16 and fat mass was calculated with the Siri equation. 17 Fat-free mass (FFM) was calculated by subtracting the amount of fat mass from body weight. Fat mass and FFM were corrected for height to produce fat mass and FFM index, expressed in kg⋅m −2 .
hand grip strength and endurance
For the hand grip strength and endurance measurement, a Pinch/Grip Analyser (MIE Medical Research Ltd., Leeds, UK) with Clinical Analysis Software (CAS) 18 was used. Patients were standing with the shoulders adducted, elbows flexed to 90°, and forearms in neutral position.
Maximum strength was assessed on both limbs. Patients were instructed to squeeze the handle as much as possible for 3-5 seconds. The CAS allows visualization of the amplitude distribution during the test. Three repetitions of the test were performed (the break between repetitions was always at least 1 minute). The dominant limb was determined according to the best performance. The results of maximum strength were also corrected for body weight, amount of FFM, and forced vital lung capacity.
The endurance test measures a patient's ability to maintain a constant force within a given range for a duration of time. The target strength value was determined as 50%±5% of maximal strength for each individual patient. The patients were instructed to maintain the force for as long as possible, always keeping within the target range or as close to it as can be managed. The CAS allows patients easy real-time audio-visual control of target range. At the end of the test, the CAS automatically calculates the scored time (the time in which the load was within the target range) and the numerical value of the endurance as the area under the force/time curve (AUC). The results of AUC were also corrected for body weight, amount of FFM, and forced vital lung capacity.
statistical analysis
The acquired data were analyzed using programs GraphPad Prism6 (GraphPad Software, La Jolla, CA, USA) and Excel 2016 (Microsoft, Redmont, WA, USA). All parameters were evaluated by descriptive statistics. Normality of data was assessed by D'Agostino and Pearson omnibus normality test. The unpaired t-test, Mann-Whitney U-test, or Wilcoxon signed rank test were used for determining differences between COPD and control groups. The ordinary one-way analysis of variance with Tukey's multiple comparisons test or Kruskal-Wallis test were applied to determine differences among the four GOLD stages or groups according to the combined COPD assessment in observed parameters. Spearman's correlation coefficient was used for demonstration of relationships between parameters. Calculation of z-score was used for testing of the difference between two dependent correlations with one variable in common by means of online calculator. 19 Significance was accepted at P,0.05. Results are expressed as mean ± SD or median (25th percentile; 75th percentile).
Results

Basic anthropometric characteristics
Basic anthropometric characteristics of the study groups are summarized in Table 1 . The mean value of body mass index 27.9±6.1 corresponds to overweight, while the mean value of FFM index corresponds to normal FFM. No significant differences between the study groups were found in any of the basic anthropometric characteristics.
hand grip strength and endurance
The results of hand grip testing and 6MWT are summarized in Table 2 . We found that patients of the COPD group had a 15% decrease in maximum strength (P=0.012). When the results were corrected for kilogram of body weight or kilogram of FFM, the maximum strength was comparable between the groups. On the other hand, when the results were corrected for forced vital lung capacity, the COPD group showed a 17% higher strength than the control group (P=0.012). Correlation analysis revealed that maximum strength was significantly negatively associated with GOLD stage and values of multivariable prediction indexes, and positively associated with results of 6MWT (for details see Table 3 ).
The scored time of endurance test was ~20% shorter in the COPD group compared with the control group (P=0.001). We found a significant negative association with scored time and combined COPD assessment and positive association with 6MWT. All of them were weaker than associations with maximum strength or AUC.
The AUC for COPD patients was about 28% lower than for the control group (P,0.001). When the results were corrected for kilogram of body weight or kilogram of FFM, the difference between the groups remained significant. The grouping to quartiles of COPD patients according to the AUC value revealed significant differences among subgroups in GOLD stage (P=0.024), combined COPD assessment (P=0.011), BODE (P=0.010), uBODE (P=0.014), and ADO (P=0.040) indexes, whereas no differences were found in values of 6MWT. When we compared associations of AUC and 6MWT with stage of disease and values of ADO index, we found closer associations for AUC than 6MWT. Comparing male groups only, the differences between COPD and control groups were almost identical as in the case of groups not divided according to gender.
COPD severity and BODe index
Comparing COPD groups divided according to GOLD stage, we observed significant differences in maximum strength, AUC, and 6MWT, with worst results in stage 4 (for details, see Table 4 ). For comparison of values of AUC and GOLD stage, see Figure 1 .
Comparing COPD groups according to the combined COPD assessment, we demonstrated significant differences only in AUC, with patients of group D (high risk, more symptoms) having the worst results. For detailed results, see Table 5 .
Comparing COPD groups according to the BODE index score, there was a significant decrease in maximum strength and AUC with increasing BODE index score. For detailed results, see Table 6 .
Discussion
The results of our study confirmed previous observations that both hand grip strength and endurance are diminished in COPD patients compared with healthy subjects. 2, [20] [21] [22] Decreased endurance was possibly caused not only by reduced weight or amount of FFM, but also by muscle dysfunction. This hypothesis is evidenced by the fact that after correction for weight and FFM, there were significant differences between groups in endurance (expressed as AUC), while not in the case of strength, even though there were no significant differences between the groups in weight or amount of FFM. FFM is, therefore, possibly a determinant of maximum hand grip strength, but not endurance. Similar conclusions have been described by Vilaro et al. 23 According to our knowledge, this is the first study to observe the dependence of hand grip endurance on combined COPD assessment (previously only an association with exacerbations had been determined). It is illustrated by the fact that the lowest strength and endurance were found in the category of combined COPD assessment corresponding to the group of patients with high risk and more symptoms (and highest GOLD stage). We confirmed this also with correlation tests. We revealed a negative association of endurance with category of combined COPD assessment, while an association with strength has not been confirmed. Both strength and endurance were negatively correlated also with GOLD stage. A closer association was found with endurance. Puhan et al studied the association of endurance (determined with STS test) and exacerbations, but they found no significant association. 3 On the other hand, Vilaró et al found a correlation of global muscle dysfunction with exacerbations. 1 There have been other studies investigating the correlation of strength and endurance with the BODE index, 24, 25 but very little is known about associations with uBODE and ADO indexes. Puhan et al found that endurance (determined with STS test) predicted 2-year mortality almost as well as the ADO index. 3 It was also demonstrated that STS is also associated with 5-year mortality. 26 Analogous to clinical stage, we proved the dependence of BODE index on both hand grip strength and endurance. The lowest strength and endurance were found in the subgroup of patients with the highest BODE score. Correlation test revealed a significant association of strength and endurance not only with BODE, but also with the uBODE and ADO indexes. The association with the ADO index is especially remarkable, because unlike the BODE index, the ADO index does not contain a measure of muscle mass or function.
The closest correlations of all the dynamometric parameters were found in the case of AUC, especially in the male-only population. The advantage of this endurance parameter over the others could be that besides endurance, it also includes a strength component. Moreover, we have found that AUC is more closely associated with the most tested parameters than 6MWT, which is very often used in clinical practice. However, testing the differences between correlation coefficients did not achieve any statistical 
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Kovarik et al significance, probably due to limited sample size. In addition, AUC was the only dynamometric parameter with significant differences among groups of patients divided according to combined COPD assessment, whereas we found no differences among these groups in the results of 6MWT. Also, the fact that grouping to quartiles of COPD patients according to AUC value revealed no significant differences in values of 6MWT confirms that AUC and 6MWT are not interchangeable parameters. A similar conclusion has been published regarding cycle endurance test and 6MWT. 27 On the other hand, special equipment (a dynamometer) is needed for determination of AUC. Although its use is very simple and examination alone is very quick and does not cost anything, nevertheless, acquisition of this device requires a one-time investment (about 3,000 US dollars). AUC could thus be considered as an attractive option to assess exercise capacity in COPD patients.
A limitation of this study is the low number of participants in some studied subgroups, and also we have not examined associations directly with mortality. Another limitation is that for the control group, we calculated 6MWT by reference to equations.
In conclusion, we have confirmed that both hand grip strength and endurance are impaired in COPD patients. AUC in particular could be considered as an attractive option not only to assess exercise capacity but also as a predictive marker with a better prognostic value than 6MWT in COPD patients in both clinical practice and research. Further studies with larger sample size will be required to evaluate the predictive and prognostic value of AUC. This is the first study to observe the dependence of hand grip endurance on combined COPD assessment.
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